Summary. Follicular fluid was aspirated from all visible surface follicles of rats at selected times of the oestrous cycle. Fluids from a pair of rat ovaries were pooled and assayed for inhibin activity by the rat anterior pituitary cell culture assay. Serum LH, FSH and progesterone as well as follicular fluid progesterone, total oestrogens and androstenedione were also measured. Follicular fluid inhibin activity was relatively constant throughout the oestrous cycle (30\m=.\7\ m=+-\3\m=.\4% inhibition of FSH per 0\m=.\1 \ g=m\ l follicular fluid) except for a well defined surge at pro-oestrus (09:00\p=n-\16:00 h, peak at 14:00 h = 84\m=.\0 \ m=+-\7\m=.\2% inhibition of FSH per 0\m=.\1 \ g=m\ l follicular fluid). The follicular fluid was not treated with charcoal before assay because a pilot experiment showed that such treatment did not alter the inhibin activity of follicular fluid. Steroids in follicular fluid were generally lowest on the afternoon of oestrus and the morning of dioestrus I and generally elevated during pro-oestrus.
Introduction
Inhibin activity (non-steroidal, FSH-suppressing activity of gonadal origin) is present in the follicular fluid of cows (de Jong & Sharpe, 1976; Welschen, Hermans, Dullaart & de Jong, 1977; Hermans, van Leeuwen, Debets & de Jong, 1980) , sows (Schwartz & Channing, 1977 ; Welschen et al., 1977) and women (Chari, Hopkinson, Daume & Sturm, 1979; Chappel, Holt & Spies, 1980; Channing et al., 1981c) . There are also preliminary reports of inhibin activity being present in rhesus monkey (Channing, Anderson, Stone & Batta, 1981a; Channing, Tanabe, Guthrie, Batta & Hoover, 198Id; Channing et al., 1982) and mare (Channing, Batta, Kenney, Ganjam & Condon, 1981b) follicular fluid. Rat ovarian venous effluent (DePaolo, Shander, Wise, Barraclough & Channing 1979a) and medium conditioned by primary culture of rat follicular granulosa cells (Erickson & Hsueh, 1978) have been shown to contain inhibin activity. Inhibin activity has also been detected in the cytosol of ovarian homogenates of immature rats and in the serum of PMSGtreated immature female rats (Lee, McMaster, Quigg & Leversha, 1982) . However, the presence of inhibin activity in rat follicular fluid has not been reported.
Materials and Methods Animals
Mature (250-300 g), female, Sprague-Dawley rats (Zivic Miller Laboratories, Allison Park, Pennsylvania) were housed and monitored for oestrous cycles as previouly described (DePaolo et al., 1979a) . For this experiment the lights were on from 07:00 to 19:00h. Rats showing two consecutive 4-day oestrous cycles by vaginal smear cytology were randomly killed at one of the 11 times specified below until there were 3-5 rats at each time. Additional animals (up to a total of 5) were killed as available for some time periods to serve as replacements.
Collection of samples
Samples were collected at 09:00, 11:00, 14:00, 16:00 and 18:00 h on the day of pro-oestrus, 09:00, 11:00 and 16:00 h on the day of oestrus, 09:00 h on the day of dioestrus I, and 11:00 and 16:00 h on the day of dioestrus II. The most frequent sampling was timed to coincide with the period previously shown to encompass the most dramatic changes in inhibin activity in ovarian vein serum (DePaolo et al., 1979a The follicular fluid pools collected in this study were not routinely treated with charcoal to remove steroids (factors which could potentially interfere with measurement of inhibin activity), because we wished to compare follicular fluid inhibin activity with that measured in ovarian vein blood, which was also not treated with charcoal (DePaolo et al., 1979a) . Since it has been shown that steroids in amounts equal to or exceeding those measured in the follicular fluids do not suppress FSH secretion in the rat pituitary cell culture assay used here (Shander et al., 1980b) , there is support for use of this assay for samples which contain steroids as well as inhibin activity. Further support for assaying follicular fluid without charcoal treatment is given by the findings of a pilot experiment described in the 'Results' section.
Radioimmunoassays
FSH concentrations in serum and culture medium and LH concentrations in serum were determined by radioimmunoassay using reagents provided by the NIAMDD as previously reported (DePaolo et ai, 1979a; Shander et al., 1980b) . For serum FSH the intra-assay coefficient of variation was 4-2% and the sensitivity was 10 ng/tube using 50 µ serum and 5 ng/tube using 100 µ serum. For serum LH the intra-assay variation was 6-0% and the sensitivity was 3-5 ng/tube using 200 µ serum. For the assay of FSH in culture media the intra-assay variation was 5-10% and the sensitivity was 100 ng/ml using 100 µ culture medium. Progesterone concentrations in serum, and progesterone, total oestrogen and androstenedione concentrations in extracts of diluted follicular fluid were determined by radioimmunoassay as previously described (Channing, 1970; Channing & Coudert, 1976 ; Channing et al., 1981 c). The total oestrogen radioimmunoassay had an intra-assay coefficient of variation of 8-10%, an interassay variation of 12% and a sensitivity of 25 pg/ml. The progesterone radioimmunoassay had a within-assay variation of 6-9% and a between-assay variation of 6-5%. For the androstenedione assay the intra-assay variation was 7-3% and the interassay variation was 5-4%. The sensitivity of the androstenedione assay was 10 pg/ml. All samples from this study were analysed in duplicate and all gonadotrophin determinations were performed in the same assay.
Statistical analysis
A univariate, one-way analysis of variance and Duncan's new multiple range test was con¬ ducted on each of the 7 variables examined in this experiment. The ratios of androstenedione : total oestrogen were also re-analysed by this method. Gonadotrophin and steroid concentration data were transformed by the natural logarithms. Animals which did not contribute data to all 7 variables were excluded from these analyses, resulting in a final replication factor of 2-4 for all analyses (each treatment group had the same replication factor for each of the 8 analyses). Inhibin activity and the androstenedione : oestrogen ratio data were analysed without transformation. The level of significance employed for all tests was < 0-05. For purposes of this study, a surge in hormone concentration is defined by a mean or group of means that are significantly greater than one or more adjacent means before and/or after the surge.
Results
As a preliminary validation that follicular fluid steroids did not alter the pituitary culture bioassay, diluted follicular fluid was assayed for inhibin activity with and without charcoal treatment. Expressly for this purpose, follicular fluid pools were collected from 4 pro-oestrous rats as specified above except that fluid was collected as pools from follicles of different sizes ( < 500 and > 500 µ diameter). A portion (500 µ ) of each diluted follicular fluid pool was treated with 50 µ 10% charcoal coated with dextran (1%) by incubation for 2 h at 4°C with vortexing every 30 min. The remainder (400 µ ) of each pool was treated identically except for the addition of distilled water (40 µ ) instead of charcoal solution. The charcoal-treated and untreated diluted follicular fluid pools were assayed for inhibin activity as specified above after centrifugation for 10 min at 1000 # and filtration at 0-22 µ . The treated and untreated follicular fluid pools were also assayed for progesterone and total oestrogens as specified above. Charcoal treatment removed >90% of progesterone and total oestrogen, but had no effect on apparent inhibin activity (Table 1) .
Inhibin activity (Text- fig. 1 ) was detectable in all samples of pooled follicular fluid. The inhibin (Table 2 ). Serum (Table 2) ; a pro-oestrous surge was not detected. For all follicular fluid steroids examined, there was a surge during pro-oestrus (progesterone: peak at 18:00h; total oestrogen; peak at 14:00 h ; androstenedione: peak at 11:00 h). A second peak of progesterone at 11:00 h on the day of pro-oestrus was probably the result of a questionable observation (7500 ±3910 ng/ml after removal of the outlier). There was a peak in the androstenedione : total oestrogen ratio at 11:00 h on the day of pro-oestrus. The prooestrous surges in follicular fluid androgen, progesterone and androgen : total oestrogen ratio were followed by statistically detectable surges at 11:00 h on the day of oestrus. An additional statistically detectable surge in follicular progesterone concentration preceded the pro-oestrous surge (dioestrus II, ll:00h). The lowest follicular fluid steroid concentrations observed were primarily confined to the afternoon of oestrus and/or the morning of dioestrus I.
Discussion
The results of the present experiment demonstrate the presence of inhibin activity in follicular fluid taken from rats regardless of the stage of the oestrous cycle. This finding is not unexpected since the rat granulosa cell has been shown to produce inhibin activity in culture (Erickson & Hsueh, 1978) . Therefore, it is reasonable to expect that inhibin activity in the follicular fluid represents the inhibin activity by the granulosa cells of that follicle.
The elevated amounts of inhibin activity on the day of pro-oestrus is in agreement with the studies of Chappel (1979) on inhibin activity in whole hamster ovarian extracts. To our knowledge no other studies on changes in follicular fluid inhibin activity during the rat oestrous cycle have been reported. The changes during pro-oestrus may be compared to those found in ovarian venous plasma (DePaolo et al., 1979a) because the methods used in the two studies were similar. In both studies there was elevated inhibin activity on the morning and mid-day of pro-oestrus and a decline by the morning of oestrus. However, the decline in inhibin activity observed in ovarian vein blood took place between 12:00and 14:00h while that in follicular fluid took place between 14:00 and 18:00 h on the afternoon of pro-oestrus.
The observation of lower levels of inhibin activity in follicular fluid than in ovarian vein plasma on dioestrus I could be due to the fact that small follicles < 300 µ may contribute inhibin to the ovarian vein at this time. These follicles were too small to sample in the present experiment.
The nadir in inhibin activity secretion in late pro-oestrus-oestrus has been suggested as a possible stimulus for the oestrous surge in FSH secretion (Schwartz & Channing, 1977) . Lower circulating amounts of inhibin activity during the pro-oestrous gonadotrophin surges may also be important in maintaining elevated LH and FSH since porcine follicular fluid has been shown to decrease LH-RH-induced LH and FSH secretion by rat anterior pituitary cells in primary culture (Shander et al., 1980b) (Hirshfield, 1983) an increase in the total number of follicles (maximum at dioestrus I), a decline in the percentage of healthy follicles (maximum on day of oestrus), and an increase in the percentage of atretic follicles (maximum on the day of pro-oestrus). During the time that follicular fluid inhibin activity attains its maximum, the number of follicles > 300 µ reaches its lowest level, the percentage of atretic follicles declines from its highest value and the percentage of healthy follicles begins an increase from its nadir (Hirshfield, 1983 (Anderson & DePaolo, 1981) . FSH might therefore act to stimulate follicular viability and granulosa cell growth, and a reflection of increased viability could be increased secretion of inhibin activity. The FSH stimulation of follicular size could also act to enhance the total amount of inhibin available for secretion.
